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Abstract

Introduction

Heat-induced structural changes of faba bean starch
dispersions were examined at a concentration range of 810% as a function of heat treatment. Faba bean starch
was isolated from raw (RF-starch) and steamed (SFstarch) faba bean seeds. Hydrothermal treatment resulted
in an increase in the amount of non-starch components in
the isolated starch. Microstructure of low-sheared 8%
starch suspensions heated at 75 , 90 and 98•c (for 10 minutes) was studied by light microscopy. Heating induced
huge swelling ofRF-starch. Even at 75•c, a considerable
amount of amylose was found outside the granule. The
amylopectin in starch paste heated to 98 •c was highly
swollen. Steaming of faba bean seeds had a marked effect
on the pasting behaviour of the isolated starch. At 75 •c
the swelling of the granules and the release of amylose
was limited. At 9o•c, some of the granules stained blue,
some brown and a weak amylose phase could be seen outside the granules. At 98•c, the granules stained brown,
were more swollen, and amylose surrounded the intact
swollen granules.
Rheological properties were studied during cooling
of10% starch dispersions heated to 9o•c and 98•c. Storage modulus increased and phase angle decreased below
50•c as a result of amylose gelation. RF-starch dispersion heated at 9o•c formed a gel with high storage modulus and low phase angle; the SF-starch dispersion formed
a less elastic gel (higher phase angle) . Light and scanning
electron micrographs showed that, the RF-starch dispersion preheated at 90•c, cooled and stored in a refrigerator for one day consisted of an amylose network, whereas
the amylose was deposited on the surface of the granules
in the SF-starch dispersion .
Key Words: Starch, faba bean, seeds, steaming, dispersions, amylose, amylopectin, microscopy, rheology,
viscoelastic properties.

Maize, wheat and potato are the main raw
material sources of the starch industry. Many other
plants could be used as an alternative source of starch,
particularly leguminousae. A production process for the
isolation of pea starch has recently been developed
(Gregory and Bilidt, 1990). Faba bean contains about
40% (38.9-45.4%) of crude starch and about 30% (28.230.6%) of crude protein (Haase and Shi, 1991). Faba
bean starch granules generally vary from about 20 to 40
~m in diameter and their shape is both oval and irregular. Fresh beans are usually eaten raw or after boiling
in water. In the case of faba beans, a steaming process
is applied. Hydrothermal treatment of the seeds raises
the nitrogen solubility index, significantly reduces the
antitrypsin activity and increases the total protein content of protein isolates (Borowska et al., 1989).
Heating of aqueous solutions of starch effects
dramatic changes in the structure and properties of
starch, among them granular swelling and starch solubilization (Atwell et al., 1988) . Heat treatment of cereal
starches gives rise to two stages of swelling and solubilization (Doublier, 1990). During the first stage of
swelling of wheat granules, solubilized amylose appears
in the centre of the granules, and a small amount outside
(Langton and Hermansson, 1989) . At 9o•c, still more
amylose leaks out. At 95•c, if shear forces are used,
the outer amylopectin layer is fragmented and the fragments are dispersed in the amylose phase. In the case
of barley starch, amylopectin is fragmented even after
minimum stirring at 95•c (Autio, 1990) and the fragments interfere with the gelation of amylose.
The flow properties and swelling - solubility
profiles of aqueous faba bean starch dispersions have
been studied earlier (Lorenz, 1979; Doublier, 1987;
Haase and Shi, 1991). The gelatinization temperature
of faba bean starch varies between 56 and 81 •c (Haase
and Shi, 1991). Faba bean starch has a higher amylose
content, higher gelatinization temperature, but a lower
swelling power and solubility at 9o•c than do wheat and
corn starches (Lorenz, 1979). It yields lower viscosities
than maize starch but higher than wheat and pea starches
do. The swollen granules of faba bean starch have high
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Table 1. Chemical composition of isolated starches.
Starch from seeds:

Moisture [%)

Protein [%dm]

Fat [%dm]

Ash [%dm]

Amylose [%dm]

Untreated (RF-starch)
Steamed (SF-starch)

7.2
7.4

0.72
1.12

0.42
0.86

0.60
0.94

30.4
25.7

stability against mechanical shearing (Doublier, 1987).
In this work, we studied the effect of steaming of faba
bean seeds on the characteristics and pasting behaviour
of isolated starch.

Table 2. Some physico-chemical properties of
isolated starches.
Starch
from
seeds:

Materials and Methods
Isolation or starch
Faba bean seeds c. v. Dino, a Polish faba bean
cultivar, were purchased from the Breeding Station at
Szelejewo, Poland. Seeds (total moisture 14.2%) were
steamed at 100°C for 15 minutes in a laboratory steamer
according to Borowska et al. (1989). The moisture of
the seeds after steaming was 26.4%. Starches were isolated from raw and steamed faba bean flours by the
method of Schoch and Maywald (1968). Primary starch
was air dried in a thin layer at room temperature, after
which it was ground and sieved through a 38 mesh
sieve.
Chemical and physical characterization
Moisture and ash were measured by AACC methods 44-15A and 08-01, respectively (AACC, 1986), protein and lipid content by the Kjeldahl and Soxhlet methods in Kjeltec II and Soxtec Tecator equipment. Swelling power and solubility of the starch were determined
according to Leach et al. (1959). Amylose content was
determined by the method of Williams et al. (1970).
Rheological measurements
10% faba bean starch suspensions were heated to
90 and 98°C in a water bath with minimal stirring. The
temperature of the sample was controlled by a thermocouple. After heating for 10 minutes, the hot starch dispersion was transferred to a Bohlin VOR Rheometer
(concentric cylinder C-25 measuring system) and cooled
from 90 to 20°C. Samples were measured with a smallamplitude oscillation test. The cooling rate was 1 oc per
minute, the frequency 1 Hz and the strain 0.003. At
this strain all samples were within linear region.
8% faba bean starch suspensions were preheated
at 98 oc for 10 minutes with minimal stirring and the
viscosity was measured at 80°C in the shear rate range
18.6-146.1 s- 1 with the Bohlin VOR Rheometer.
Light microscopy
8% faba bean starch suspension was used to study
the microstructure as described by Langton and
Hermanssori (1989). Samples were prepared by two
techniques: smears and embedded sections. All samples
were stained by iodine solution (0.33% iodine, 0.67%
potassium iodine) .

Untreated
Steamed

Viscosity
at 80°C
at3.7s- 1
(mPas)
938
776

± 75
± 63

Swelling
power
at 90°C

Solubilization
at 90°C
(%)

19.2
17.5

24.6
21.3

Smears: 8% faba bean starch dispersions were
heated to 75, 90 and 98°C with minimal stirring, kept at
this temperature for 10 minutes, quickly and gently
smeared out onto an object glass and stained with staining solution for one minute.
Embedded sections: 8% starch suspensions were
heated rapidly to 90 and 98°C with minimal stirring,
retained at these temperatures for 10 minutes, cooled
and kept at +4 oc for 24 hours . Small pieces of gel
were chemically fixed in solution of 1% glutaraldehyde,
dehydrated with ethanol and embedded in Historesin
LKB.
Sections (5-7 I'm) were cut by microtome
(Reichert-Jung AG Heidelberg) and stained with iodine
solution. An Olympus BH-2 light microscope was used
for examining smears and embedded preparations.
Scanning electron microscopy (SEM)
Starch granules isolated from raw and steamed
seeds were dispersed as a monolayer on SEM specimen
holder with silver conductive glue. Gels from both 8%
starch suspensions were obtained by heating at 90°C for
10 minutes with minimal stirring and cooling at +4 oc
for 24 hours. After fixation and dehydration as above,
small pieces of gels were critical point dried, fractured
and mounted on specimen holders with silver conductive
glue. Samples were coated with carbon and gold in a
JEOL JEE-4X vacuum evaporator. Following coating,
preparations were examined with a JEOL JSM 5200
scanning electron microscope, operated at an accelerating voltage of 15 kV.
Results and Discussion
Chemical composition and physical properties or
starch preparations
Basic chemical composition and physical properties of starch isolated from faba bean seeds before and
after hydrothermal treatment are presented in Tables 1
and 2. The results for starch of non-steamed seeds do
not differ essentially from values reported in the literature (Fornal et al. , 1985; Doublier, 1987).
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Starch isolated from steamed seeds was characterized by a considerably higher content of non-starch
components. Part of amylose was lost during hydrothermal treatment. The interactions of proteins and lipids
with starch granules seem to increase during steaming of
seeds. In the case of protein and fat , it may indicate the
formation of complexes with these components and with
starch , as suggested in our earlier work (Fornal , 1984;
Soral-Smietana et al., 1984). Changes in the chemical
components were accompanied by changes in physical
properties (Table 2). Faba bean starch isolated from
steamed seeds (SF-starch) was less soluble and swollen
and had lower viscosity than bean starch isolated from
raw seeds (RF-starch).
The size, shape and surface character of starch
isolated from control seeds (figure not shown) were in
line with the reports of other authors (Fornal et al.,
1985 ; Lorenz, 1979; Rockland et al. , 1977). In the case
of steamed seeds, most of the starch granules were covered with tightly adhering formless -smooth or finespherical structures (Fig. 1). There were also some
deformed granules with collapsed centers, which may
have resulted from the migration of amylose to the outside. The cavities illustrate the process of starch granule gelatinization caught, according to Rockland et al.
(1977), in doughnut or erythrocyte-like phase.
Heat-induced microstructural changes in starch
dispersions
The micrographs shown (Figures 2-9 on the
color plate at page 221) were prepared from smears
(Figures 2-7) and embedded sections (Figures 8-9). Iodine solution allows the demonstration of both amylose
and amylopectin, the amylose stain ing blue and the
amylopectin light to dark brown.
Figure 2 shows the structure of 8% dispersions of
RF-starch at 75°C. Even at this temperature, the blue
stained amylose was visible outside the granule. The
outer layer of the granule was weakly stained , indicating
that amylose had leached out. At 90oc the amylopectin
in the granules was highly swollen (Fig. 3). This effect
was more pronounced when the heating temperature was
98°C (Fig. 4) .
At 75 °C, the granules of the SF-starch appeared
as dark blue spots (Fig. 5) . The swelling of starch
granules and the release of amylose was limited. At
90°C , the granules were less swollen and of more regular shape than those of the RF-starch. The granules appear to color in blue or brown at 90°C, with the light
blue amylose phase forming the background (Fig. 6).
At 98°C, the granules were more swQllen , stained
brown and were surrounded by the amylose phase now
more intensively blue (Fig. 7). In contrast to the raw
starch , the shapes of the swollen granule could be distinguished. The outer layer of the granule was weakly
stained indicating that amylose had leached out. It is
possible that amylose has been deposited on the surface
of the starch granules during steaming of seeds and this
amylose delays the swelling of the granules on reheating.

Figure 1. Scanning electron micrograph of starch
granules isolated from steamed faba bean seeds.
In the embedded section of the 8% RF-starch dispersion that was heated at 90 °C for 10 minutes and
cooled and stored in a refrigerator for one day, both the
inside of the granules and the continuous phase around
the granules were composed of amylose (Fig . 8). Plastic sections (Fig . 9) of SF-starch paste after cooling and
1 day storage at 4°C, showed that the amylose did not
form a continuous phase around the granules as it did in
RF-starch paste but was deposited on the surface of the
granules , and the amylose around the granules formed a
loose network structure. Heat/moisture treatment of
starch promotes annealing of starch , conversion of amylose from amorphous to crystalline state. In fact, increased gelatinization temperature , reduced swelling and
solubilization , demonstrated in th is study, are common
effects of annealing.
Supporting information was provided by scanning
electron micrographs of 8% starch dispersions heated at
90 °C for 10 minutes and cooled at 4 oc for one day
(Figs. 10, 11). The samples were prepared by chemical
fixation , dehydration and critical point drying . In the
RF-starch the granule walls were surrounded by the
characteristic network structure of amylose (Fig. 10).
In SF-starch, by contrast, the starch granules were not
surrounded by an amylose network, but instead amylose
could be seen both inside and between the granules (Fig.
11). The starch granule shown in Fig. 11 bears a close
resemblance to the schematic drawing presented by
Langton and Hermansson (1989) for a swollen wheat
starch granule whose centre is enriched with amylose.
Yet , no openings can be seen in the equatorial groove,
through which amylose might have migrated outside the
granule. Prominent spherical or oval subunits make up
the granule structure. Such a granular structure was not
seen in the network system of the 8% starch dispersion
isolated from raw seeds.
Heat-induced rheological changes in starch
dispersions
Storage modulus (G') increased and phase angle
(o) (results not shown) decreased below 60 oc during
cooling of 10 % faba bean starch dispersion preheated
either at 90 or 98°C (Fig. 12) . The magnitude of G' is
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Figure 2. Smear of 8% raw faba bean starch dispersion
heated at 75°C for 10 minutes. Bar = 50 I'm .
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Figure 3. Smear of 8% raw faba bean starch dispersion
heated at 90°C for 10 minutes. Bar = 50 I'm.
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Figure 4. Smear of 8% raw faba bean starch dispersion
heated at 98°C for 10 minutes. Bar = 50 I'm.
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Figure 5. Smear of 8% faba bean starch dispersion
(starch isolated from steamed seeds) heated at 75 oc for
10 minutes. Bar = 50 I'm.

500
20

30

40

50_60

70

TEMPERATURE

80
~)

90

100

Figure 6. Smear of 8% faba bean starch dispersion
(starch isolated from steamed seeds) heated at 90°C for
10 minutes. Bar = 50 I'm.

Figure 12. Effect of cooling on the storage modulus
(G') of a low-sheared 10% raw starch dispersion (R)
and starch dispersions prepared from steamed seeds (S)
preheated at 90 or 98°C for 10 minutes.

Figure 7. Smear of 8% faba bean starch dispersion
(starch isolated from steamed seeds) heated at 98 oc for
10 minutes. Bar = 50 I'm .

Note: Figures 2-9 are on color plate at page 221 and
Figures 10-11 are at page 222.

Figure 8. Embedded section of 8% raw faba bean
starch dispersion preheated at 90°C for 10 minutes
cooled and stored at +4 oc for 24 hours. Bar = 50 I'm:

Table 3. Results of rheological measurements.
Samples of
faba bean starch

G'2o

*1

- G'so *2

Figure 9. Embedded section of 8% faba bean starch
dispersion (starch isolated from steamed seeds) heated at
90oc for 10 minutes, cooled and stored at +4°C for 24
hours. Bar = 50 I'm.

Phase angle
at 20°C

Raw heated at 90°C
Raw heated at 98°C

3119
1826

0.8 ± 0.1
2.0 ± 0.2

Steamed heated at 90°C
Steamed heated at 98°C

2842
3719

5.2 ± 0.3
1.5 ± 0.2

The pasting behaviour of faba bean starch is not
unlike that of cereal starches. Like cereal starches, faba
bean starch is dominated by the amylose fraction. On
the other hand, faba bean amylopectin is not fragmented .

* 1storage modulus at 20°C; *2 storage modulus at 80°C

Conclusions
close to the values reported for 10% maize and wheat
starch dispersions (Svegmark and Hermansson, 1991) .
Amylose has been shown to form a gel during cooling,
whereas several days are needed for amylopectin gelation (Ring et al., 1987). The gel formed during cooling
of raw faba bean starch was more rigid (G' high) and
more elastic when preheating was to 90°C than when it
was at 98°C. The difference in G' between 80°C and
20oc was less for the starch dispersion preheated at
98oC (Table 3). Results from the microstructural studies (see above) suggest that the huge swelling of amylopectin in the raw faba bean starch paste preheated at
98°C may hinder the aggregation of amylose.
Rheological measurements of faba bean starch
isolated from steamed seeds indicated less aggregation
of amylose and less elastic gel structure at 90°C than at
98 oc preheating. In agreement with this microstructural studies showed amylose to leak out from the RFstarch at lower temperature than it did from the SFstarch . After cooling of the SF-starch preheated at
90°C, the amylose was concentrated inside and on the
surface of the granules. In the SF-starch dispersion
heated to 98 oc the amylose aggregated more readily .

1. Steaming of faba bean seeds changed the
chemical composition of the isolated starch. Relative to
control samples, there was a considerable increase in the
non-starchy constituents. Part of the amylose was lost
during hydrothermal treatment.
2. Steaming of faba bean seeds caused substantial changes in the pasting behaviour of the isolated
starch dispersion: compared with the RF-starch the SFs~arch granule swelled less and had lower viscosity and
htgher temperature was required before the amylose
leaked out.
3. Starch isolated from raw faba bean seeds and
preheated in aqueous solution at 90°C formed a more
rigid and elastic gel than the same starch preheated in
aqueous solution at 98 °C. The situation was the reverse
for starch isolated from steamed seeds.
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Figure 10. Scanning electron micrograph of 8% raw
faba bean (RF) starch dispersion heated to 90°C for 10
minutes, cooled and stored at +4 oc for 24 hours
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Discussion with Reviewers
R. Chinnaswamy: Moisture content of faba bean before and after steaming was 14.2% and 26.4%. Was it
sufficient for amylose leaching out, and forming a coat
as described in the text?
Authors: The moisture content of steamed seeds is a
mean value for whole seeds. During steaming it was
found that water penetrates inside the seeds rather slowly, and in some cases the inner layer of seeds, viewed in
polarised light, showed starch granules birefringence.
It seemed to indicate that moisture of the outer part of
seed was much higher than the inner part of cotyledon
and sufficient for starch granule changes thus permitting
amylose leaching out.
K. Svegmark: Do the authors claim that the gel characteristics obtained from steamed samples are due to
interactions between the swollen granules? A phase
angle of 5° would indicate a dense network which is not
suggested by the degree of close-packing of granules as
shown in Figure 9. Are there no implications of amylose gelation such as a fall in phase angles on cooling?
Authors: Phase angle decreased during cooling of the
samples indicating gelation of amylose. The amylose of
the SF-starch was located on the surface of the granules.
It is this amylose on the surface of the granules, and not
the granules, that seemed to form a very coarse network
structure.
A-C. Eliasson: How might the increased amount of
protein and lipids in the steamed starch affect the microstruc~ure of the gels? The authors interpret the delay in
swelhng as due to amylose forming a layer on the granule surface.
If more amylose-lipid-complexes are
formed the effect would be the same. The staining
would also decrease.
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Authors: We have shown that part of amylose was lost
during steaming of seeds. It is known that amylose can
form a film around the granules during drying and this
kind of film results in a delay of swelling. In the case
of steamed seeds, most of the starch granules were covered with tightly adhering formless-smooth or finespherical structures (Fig. 1). It is possible that more
amylose is complexed with lipid in SF-starch, but we do
not have results supporting this view.

A-M. Hermansson: Can the authors explain the differences in rheological properties between SF-starch heated
to 90 and 98°C? If amylose is deposited at 90°C as
suggested it does not solubilize between 90 and 98 °C.
Authors: The microstructural studies (Figures 6 and 7)
suggest that all amylose has not leached out from the
granule at 90°C. The increased aggregation of amylose
of SF-starch dispersion heated to 98 oc, as indicated by
the value G' 20-G' 80 , suggests that more amylose has
leached out at this temperature.

A-M. Hermansson: How do the authors distinguish
between amylose and amylopectin in Figure 11?
Authors: The distinction is based on our light micrographs (Figures 8 and 9) which were prepared in a similar way as the SEM micrographs (Figures 10 and 11).
We think that the small granule subunits on the surface
of the granule might be crystalline amylose (Figure 11).
In Figure 10, amylopectin granule walls can be seen.

L.B. Rockland: What is the practical or other significance of the leaching of the amylose from the starch
granules during heating from 75°C up to 98°C?
Authors: The amount of leached amylose and its dependence on temperature is of vital importance to the
rheological behaviour of starches. The results of this
study indicate that starch isolated from steamed faba
bean seeds swelled less than raw faba bean starch and
higher temperature was required before the amylose
leaked out. These changes in the properties of starch
may cause undesirable effects in food products.
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